Background--Antithrombotic therapy for acute coronary syndrome (ACS) patients is recommended by clinical practice guidelines. Appropriate dosing of antithrombotic therapy is necessary to ensure effectiveness and safety and is an American College of Cardiology/American Heart Association ST elevated myocardial infarction/non-ST elevated myocardial infarction performance measure. This study describes the variability in dosing of unfractionated heparin (UH) and low-molecular-weight heparin (LMWH) in an integrated health care system with electronic medical records and computerized physician order entry (CPOE).
A cute coronary syndrome (ACS) is a significant cause of cardiovascular (CV) morbidity and mortality in the United States, accounting for over 600 000 hospitalizations a year. 1 Antithrombotic therapy is part of the standard of care for treatment of patients presenting with ACS. As outlined in the American College of Cardiology/American Heart Association (ACC/AHA) ST elevated myocardial infarction/non-ST elevated myocardial infarction (NSTEMI) clinical practice guidelines and performance measures, there are specific dosing recommendations for anticoagulants in the ACS setting. 1 Previous studies have shown as much as 32.8% of patients receiving excess dosing of antithrombotic therapy among ACS patients. [2] [3] [4] [5] [6] Potential benefits of an electronic health record (EHR) include improved quality of care, reduced medical errors, increased efficiency through improved accessibility, and reduced cost. 7 EHRs can reduce medication errors and improve efficiency of the medication ordering process through implementation of computerized physician order entry (CPOE). [7] [8] [9] An earlier systematic review demonstrated decreases in medication errors after implementation of CPOE. 9 The Veterans Health Administration (VHA) is an integrated health care delivery system with an EHR and CPOE. However, the impact of such tools on antithrombotic dosing among patients presenting with ACS is unknown. Accordingly, we conducted a mixed-methods study to evaluate the dosing of antithrombotic therapy across VHA hospitals for ACS patients and determine whether specific processes of care at hospitals are associated with dosing antithrombotics consistently with guideline recommendations. Specifically, we assessed the degree of dosing above the recommended dose of unfractionated heparin (UFH) and low-molecular-weight heparin (LMWH) across 135 VHA medical centers for patients presenting with ACS. Second, we assessed the association between patient and provider characteristics with antithrombotic dosing above the guideline-recommended level. Finally, we conducted qualitative interviews at hospitals that had either a high or low proportion of patients who received antithrombotic dosing above guideline recommendations to gain insights into barriers and facilitators to dosing antithrombotic at recommended antithrombotic levels.
Methods
This was a mixed-methods study. To describe the dosing of antithrombotics for patients presenting with ACS, we conducted a national retrospective cohort study of all veterans presenting with ACS at VHA hospitals from 2009 to 2011. We included patients who were hospitalized with ACS, including myocardial infarction (MI) and unstable angina (International Classification of Diseases, Ninth Revision [ICD-9] codes 410 411), from 2009 to 2011 and received antithrombotic therapy (n=53 489). We excluded patients who were missing weight and creatinine measurements (n=4680), missing provider type (n=1149), those who had contraindications to anticoagulant therapy (n=21), and those with missing dose information (n=10 006). Finally, we excluded patients who were given glycoprotein IIb/IIa inhibitors because we did not feel we could get a full capture of medication usage. The final analytic cohort consisted of 36 682 patients. The Colorado Multiple Institutional Review Board provided a waiver of consent and approval for this study. Dosing above guideline-recommended level was defined based on the ACC/AHA test performance measures: unfractionated heparin >70 U/kg or infusion >15 U/kg per hour and LMWH >1.05 mg/kg. 1,2 Data on dose of antithrombotic administered were obtained from the the VHA's barcode medication administration database available through the VHA Inpatient Evaluation Center. We identified potential factors associated with excess dosing based on literature review and clinical relevance. Patient-level variables included age (≤65), gender, race (white/nonwhite), body mass index (BMI), hypertension (HTN), dyslipidemia, previous MI, previous heart failure (congestive heart failure; CHF), previous percutaneous intervention (PCI), previous coronary artery bypass graft (CABG), renal disease, CV disease (CVD), peripheral vascular disease (PVD), chronic obstructive pulmonary disease, diabetes, serum creatinine, type of ACS presentation (MI/unstable angina), presence of cardiogenic shock, and patient location in the hospital when antithrombotic was first administered (emergency department [ED] vs. floor vs. intensive care unit [ICU] ). Provider-level variables included type of provider (hospitalist/internal medicine, emergency medicine, nurse/ physician assistant (PA), cardiologist/other specialist, and resident), and hospital-level variables included site, academic affiliation, and hospital complexity designation.
Continuous variables are reported as medians or means and interquartile ranges (IQRs) or SDs. Categorical variables are reported as percentages. Significance testing included chi-squared tests for categorical variables and Wilcoxon's rank-sum tests or t tests for continuous variables. The patient-, provider-, and hospital-level factors associated with above guideline-recommended dosing were evaluated using hierarchical logistic regression. Because the primary aim was to identify factors associated with dosing above the recommended level, a dichotomous outcome (above recommended dose vs. not above recommended dosing) was used. Patient and provider factors were entered in the model as fixed effects and hospital factors were entered as random effects to understand the relative contribution of patient, provider, and hospital characteristics associated with dosing of antithrombotics above the recommended level. SAS software (version 9.3; SAS Institute Inc., Cary, CA) was used for all analyses.
For the qualitative analysis, we utilized purposive sampling and conducted individual telephone interviews with inpatient pharmacists and physicians who described the barriers and facilitators to appropriate antithrombotic dosing at select VHA hospitals. Sites were chosen based on the quantitative data, which identified sites that consistently dosed antithrombotics according to guideline recommendations and those that did not consistently dose per guideline recommendations. The interview guide used in this inquiry consisted of 14 semistructured, open-ended questions to explore the antithrombotic processes at each site. The 30-to 45-minute interviews, conducted by study staff, were audiotaped and transcribed verbatim.
An iterative, inductive, and deductive toolkit of analytical strategies, drawing primarily on content analysis methodology, was used for analysis. To ensure analytical rigor, our qualitative analysts began with repeated readings to achieve immersion followed by initial open coding using an emergent, rather than an a priori, approach. Subsequent analyses utilized a deductive approach based on the literature. The first 2 interviews were independently coded by each member of the analytic team (A.C.L.-K., M.S.M., K.M.F., and K.B.F.). The codes were combined and the analytic team reviewed the documents to clarify meanings of codes and came to consensus when disagreements occurred, thus defining the initial codebook. Emergent codes were added to the codebook throughout this analysis. [10] [11] [12] [13] As patterns, relationships, and themes emerged and were analyzed, they were reviewed by members of the multidisciplinary research team in order to assess the thoroughness and comprehensiveness of the findings. The computer software program, Atlas.ti (version 6; Atlas.ti Scientific Software Development GmbH, Berlin, Germany), was utilized to organize the coding. In addition, an audit trail was created that documented all analytic procedures and decisions. Finally, we triangulated the results from the qualitative findings, observations we encountered talking with the providers, and quantitative findings.
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Results
This was a national cohort study of 36 682 patients admitted with ACS at 135 VHA hospitals between fiscal year (FY)09 and FY11 and administered antithrombotic therapy during their hospital stay. Average number of providers per hospital was 171 with an average of 3 patients per provider. The patient cohort was 98% male with a median (IQR) age of 66 years (IQR, 60 to 77) and a median (IQR) BMI of 28.5 (24.8 to 32.9). Sixty-one percent of the patients presented with acute MI and 39% presented with unstable angina. Most patients had a history of HTN (87%) and hyperlipidemia (73%) and half had a history of diabetes (50%). Unfractionated heparin was given to 62.0% (22 756) patients and 38.0% (13 926) received LMWH. One third of the patients were located in the ICU when the antithrombotic medication was first given (Table) . Among hospitals where a minimum of 25 patients were given an antithrombotic, the mean (SD) percentage of patients receiving a dose above recommended level of either antithrombotic was 7.5% (7.9%) and ranged from 0% to 32%. By therapy across hospitals, the percentage (mean/SD) of patients who received an above recommended dose of unfractionated heparin dose averaged 1.2% (2.2%), ranging from 0% to 9% and among patients who received LMWH averaged 12.9% (6%), ranging from 0% to 32% across hospitals. Figure 1 displays the percentage of patients dosed above the recommended level by hospital for each medication.
In multivariable analyses, the factors associated with dosing above recommended levels varied by specific antithrombotic. In general, these factors included age, BMI, creatinine, location of dose administration, and person prescribing the medication. Older patients (odds ratio [OR], 0.56; 95% confidence interval [CI], 0.41 to 0.77) and patients with higher BMI (OR, 0.96; 95% CI, 0.94 to 0.98) were associated with a lower risk of receiving an initial dose above what is recommended. Additionally, patients with higher creatinine were associated with a lower odds of receiving an unfractionated heparin (OR, 0.88; 95% CI, 0.77 to 0.99) or LMWH (OR, 0.90; 95% CI, 0.83 to 0.98) dose beyond what is recommended. Among the provider and hospital characteristics, there was an association between patients who were first administered LMWH in the ICU (OR, 1.14; 95% CI, 1.01 to 1.28) and prescribed LMWH by a resident (OR, 1.24; 95% CI, 1.07 to 1.45) (rather than hospitalists/internal medicine physician) and higher odds of receiving an initial dose of any antithrombotic that is higher than the recommended dose ( Figure 2) .
Given the wide range of dosing above recommended levels across hospitals (0% to 32%), qualitative interviews focused on a sample of sites where recommended dosing was most consistently performed and a sample of sites where recommended dosing was least consistently performed. Among the 6 sites contacted, 2 were considered high-performing sites (<10% of patients receiving an antithrombotic dose over what is recommended) and 4 were low-performing sites (≥15% of patients receiving an antithrombotic dose over what is recommended). We interviewed 5 pharmacists (assisted physicians/fellows with dosing of antithrombotics), 1 cardiology fellow (ordered medication and dose), and 1 cardiologist (attending who ordered medication and dose). All but 1 site described some form of antithrombotic dosing guideline for the type and dosing of antithrombotics. Three sites used algorithms in their antithrombotic ordering process that were developed locally and 2 sites followed professional society guidelines (eg, AHA). Five of the 6 sites used specific order sets in the electronic medical records to order and guide antithrombotic dosing. The order sets facilitated prescribing by eliminating the need for physicians to call pharmacists for guidance.
Although most sites indicated that weight was a factor in their dose calculation, the key factor that differentiated highperforming sites from low-performing sites was emphasis on obtaining current patient weights to calculate dose to prescribe antithrombotic therapy. The 2 high-performing sites mentioned their algorithms were developed using the VHA's national safety goal for antithrombotic therapy management. This algorithm emphasized the use of current patient weight and allowed for an independent review of the calculation by a pharmacist. Furthermore, one high-performing site spoke of double checking the patient's weight, whereas some of the least-consistent-performing sites reported using patient selfreported weight or weight recorded in the medical record from the patient's previous visit.
All sites recognized the physician as the decision maker for the antithrombotic dosing process. Although algorithms for dosing are available, only the physician can order medication and dose; therefore, the process must rely on physician availability. The site without a dosing algorithm commented that residents brought tools from the affiliated university (eg, notes and handbooks) to help them choose the type and dose of antithrombotic, a further source of variability. Among sites with order sets, there remained issues such as residents who were unable to locate the order set within the EHR. One of the high-performing sites acknowledged that, to make the process successful, they needed appropriate dissemination of information:
". . . most of our staff that would be ordering this, the vast majority are internists and residents and so making sure that the information is clear, succinct, easy for the provider to order . . . . Ideally, we would love for the pharmacists to order it and to monitor it through their scope of practice . . ."
The sites that dosed least consistently indicated that lack of education was a barrier to appropriate dosing particularly for ACS patients, because "the doses are slightly different, the duration and everything are slightly bit different and so I think that we may need more specialized education regarding that use." Figure 1 . Percent patients dosed above recommended levels. LMWH indicates low-molecular-weight heparin; UH, unfractionated heparin. Figure 2 . Associations with dosing above recommended levels. BMI indicates body mass index; CHF, congestive heart failure; CI, confidence interval; EM, emergency medicine; ICU, intensive care unit; LMWH, low-molecular-weight heparin; PA, physician assistant; UH, unfractionated heparin.
All 6 sites gave suggestions to improve the antithrombotic prescribing process. Two interviewees thought pharmacists should be able to manage or change medication orders themselves given that they already monitor lab values and thus observe when changes should occur. This would increase efficiency because pharmacists would not have to "hunt down" the physician to make a change. However, to be granted these privileges, a change to their scope of practice would be required as well as better staffing and education. It was suggested that pharmacists be involved during the initial assessment for antithrombotic therapy and a checklist be used to determine appropriate dosing for each patient. Further suggestions included periodic meetings to review the antithrombotic ordering process and make adjustments for improvement.
Through the qualitative evaluation, we found that although most sites had algorithms and order sets available for guidance, not all sites had fully trained residents on their location and use and not all sites verified current patient weights before dosing. In addition, site-initiated, ACS-specific dosing algorithms and order sets were instrumental. The site without algorithms saw there was a need, stating "it [algorithm] was discussed as a future option" and "it [algorithm] is on our perpetual to-do list." The one site that did not have an order set shared, "I think it would be very helpful. Actually I just hadn't had the time, but I think it would be extremely helpful."
Discussion
The aim of this study was to evaluate the variability and processes of care associated with appropriate antithrombotic dosing across VHA hospitals for ACS patients. We found wide hospital variation in dosing above recommended levels of antithrombotics for patients treated for ACS. Furthermore, we found that lower BMI was associated with higher risk of receiving an initial dose of antithrombotic that is above the recommended dose. This finding was corroborated by our qualitative interview findings, which demonstrated sites that verified current patient weights dosed more appropriately. Although weight likely accounts for some of the excess dosing, given the range of excess dose (LMWH, 1.09 to 1.14; UFH, 17.5 to 25.0), it is unlikely to fully explain dosing above the recommended level. We additionally found an association between the type of provider who ordered the therapy (ie, a resident rather than physician, specialist, or nurse) and a higher likelihood of receiving a dose above what is recommended. Again, this finding was corroborated in the qualitative interviews given that interviewees discussed issues with residents who were unable to locate the order sets in the electronic medical record. The wide variability in dosing among hospitals nationally presents an opportunity to improve dosing through processes such as more diligently checking patient weights and improving availability of dosing guidelines for all providers.
Similar to earlier studies, we found significant variation in antithrombotic dosing. A study using data from the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of the ACC/AHA Guidelines) registry found that opportunities to provide guideline-recommended care were missed one quarter of the time. 3 An additional study, also using data from the CRUSADE registry, investigated dosing of antiplatelet/antithrombin agents and found that 42% of the patients presenting with NSTEMI were given at least 1 dose beyond the recommended range. 2 Dosing of unfractionated heparin above recommended levels occurred in 32.8% of the patients and LMWH in 13.8% of patients. Compared to earlier studies, the rates in our study, in a setting with computerized physician order entry, were lower. The VHA has utilized EHRs since the 1970s and CPOE since 1998. In contrast, less than one third of U.S. hospitals had begun using computerized physician order entry by 2008. 7, 9, 14 Although the use of CPOE has been found to reduce medication error by 12.5%, 9 a poorly designed CPOE has been associated with increased errors owing to poor interface. 8 All the sites interviewed in our study discussed the value of the EHR and CPOE for antithrombotic dosing. Furthermore, sites that had higher percentages of patients dosed above the recommended level emphasized the need for more thorough training of residents regarding location and use of the EHR antithrombotic guidelines and order sets. Although the rates of dosing above recommended levels in this study were lower, compared to earlier studies, there exists variability of antithrombotic dosing across sites, suggesting the need to understand what processes of care in addition to CPOE can further reduce the variability. Increased compliance to guideline-based care has been linked to the use of CPOE 9 and, importantly, increased compliance to guideline-based care has been linked to improved patient outcomes. 3 Although guidelines for dosing antithrombotics are available, adoption of the guidelines remains inconsistent. 15, 16 Our study found that administration of antithrombotics by a resident was associated with receiving a higher-than-recommended dose. This finding may reflect lack of training on the location of the CPOE tools in the EHR or may reflect inconsistencies in adoption of the guidelines. EHRs provide an opportunity for guideline dissemination and implementation through tools such as clinical decision support and CPOE. Previous studies have shown that EHRs with CPOE entry tools improve compliance to guidelines 7, 8 and can decrease medication errors. 9 However, poorly designed CPOE systems with lack of flexibility have been associated with increased mediation errors owing to poor interface and/or lack of training. 8 Training is likely more challenging for residents who often work in multiple environments with different EHR and CPOE systems. Guidelines have been established for antithrombotic dosing, and, by 2013, more than two thirds of U.S. hospitals had EHR systems that include CPOE, a 5-fold increase since 2008. 14 The challenge remaining, however, is full adoption of guidelines and CPOE by the provider. There are several limitations to our study. First, dosing information was not available on all patients. However, the missing dosing data were present across all hospitals with no systematic differences and therefore less likely to introduce bias. Second, the data on patients who received IIb/IIIa were incomplete, and therefore we were unable to report on patients who received IIb/IIIa. Third, we were unable to evaluate adjustments to antithrombotic dosing. However, unlike unfractionated heparin dosing, which is followed for adjustment using patient lab values, LMWH dosing is not followed using patient lab values and the dose cannot be adjusted once given. Importantly, previous studies have found that provider adherence to adjustment for infusion maintenance is less than 50%. 4 We were unable to link dosing above the recommended level to patient outcomes, such as bleeding. Other studies have been published showing association between excess dosing and bleeding. 2,4,5 Finally,
although not a focus of inquiry in this study, underdosing is an important clinical issue that should be addressed in future studies.
Conclusions
Using both quantitative and qualitative methodology, this study found hospital variability in dosing of antithrombotics above the recommended level for patients treated for ACS, which was associated with patient characteristics (younger age and lower BMI), and residents (rather than ED physician, specialist, or nurse) prescribing the therapy. Based on the quantitative and qualitative findings, specific target areas for quality improvement include the following: (1) targeted training for providers (ie, residents) on availability and use of computerized physician order sets within the EHR and (2) using accurate patient information for appropriate dosing, such as direct patient weights obtained at the time of ordering the medication.
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